ABSTRACT: Objective: Informed by the family stress and family investment models, this study investigated whether income is indirectly related to adherence and glycemic control through parenting constructs among youth with type 1 diabetes (TID). Methods: Youth and their families (n 5 390) from 4 geographically dispersed pediatric endocrinology clinics in the United States were participants in a multisite clinical trial from 2006 to 2009 examining the efficacy of a clinic-integrated behavioral intervention targeting family disease management for youth with TID. Baseline data were collected from youth aged 9 to 14 years and their parents. Parents reported family income and completed a semistructured interview assessing diabetes management adherence. Parents and children reported diabetes-specific parent-child conflict. Children completed measures of collaborative parent involvement and authoritative parenting. Hemoglobin A1c (HbA1c), a biomarker of glycemic control, was analyzed centrally at a reference laboratory. The relations of income, parenting variables, regimen, adherence, and HbA1c were examined using structural equation modeling. Results: Lower family income was associated with greater parent-child conflict and a less authoritative parenting style. Authoritative parenting was associated with more collaborative parent involvement and less parent-child conflict, both of which were associated with greater adherence, which was associated with more optimal glycemic control (p < 0.05 all associations). Indirect effects of family income on adherence and glycemic control through parenting constructs were significant (p < 0.001). Conclusion: Findings lend support for the family stress and family investment models, suggesting that lower family income may negatively impact parent-child constructs, with adverse effects on diabetes management. (J Dev Behav Pediatr 39:508-515, 2018)
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Type 1 diabetes (T1D) is an autoimmune disease that generally develops during childhood and adolescence, affecting approximately 1 in every 500 persons younger than 20 years.
1 T1D develops when the body's immune system destroys insulin-producing beta cells of the pancreas. This results in the inability to produce insulin, a hormone necessary for the body to use food consumed for energy. The treatment regimen for T1D is demanding -requiring daily monitoring of blood glucose levels, multiple daily insulin injections or infusion from an insulin pump, monitoring carbohydrate intake, and altering the insulin dose to match lifestyle. 2 Given the intensity and complexity of the regimen, optimal adherence among youth with TID is a challenge and requires considerable parental and financial support. Lower family income has been linked to poorer health outcomes in the general population 3, 4 and also to poorer glycemic control among youth with T1D. 5, 6 Consequently, individuals with T1D who experience lower family income have higher rates of diabetes complications. 7 In a longitudinal study of individuals with childonset T1D, 7 lower family income in early adulthood predicted future nerve damage and lower extremity artery disease, both of which are consequences of poor glycemic control.
Limited research has examined the reasons for the income disparity in disease outcomes among youth with T1D. This disparity may be a product of the direct financial burden of diabetes management, including cost of medical visits, daily testing supplies, and expensive equipment (e.g., glucometers and insulin pump) that may not be fully covered by insurance plans. Consequently, youth from lower-income households are less likely to be using an insulin pump regimen, 8 which is associated with improved glycemic control. 8 However, this explanation for the inverse association of income and glycemic control is not fully consistent with the linear, inverse association of income with glycemic control observed among youth with diabetes residing in Canada, where health care is provided at no cost to patients. 6 It is plausible that interpersonal factors in addition to the direct cost may be relevant in understanding the association of income with diabetes outcomes among youth. Resource models-a family of models including the family stress model and the family investment model 9 -attribute poor health outcomes to the adverse effect of low income on a family's personal, social, and economic resources, resulting in compromised parentchild relationship quality. 10 Consistent with these models, lower household income is associated with poorer family functioning across a range of pediatric chronic conditions. 11 According to these conceptual frameworks, income may impact parent-child relationship quality (1) because of family stress (the family stress model) and (2) by decreasing the ability of parents to invest time and other resources in their children (the family investment model). The family stress model focuses on the economic dimension of socioeconomic status, whereby low family income and adverse financial experiences create stress in the family. Ultimately, this additional stress and depleted parental resources may result in problems that compromise the parent-child relationship. According to the family investment model, parents with greater resources (in the forms of income, education, and occupation) are more likely to invest these resources in ways that facilitate the well-being of their children. 10 These influences may be particularly salient for families of children and adolescents with T1D, who are more likely to report an adverse impact on time and finances than families of youth with other special health care needs. 12 Extensive literature documents a consistent, positive association of parent-child relationship qualities, including more parental support and involvement and lower family conflict and parental control with more optimal diabetes outcomes. 13 In the general population, parent-child conflict tends to increase during the early adolescent developmental period. 14 The management of a chronic illness such as T1D places numerous demands on families that may increase conflict, [15] [16] [17] with well-documented adverse effects on diabetes outcomes. 16, 18, 19 The ability of parents to remain involved in diabetes management in ways that are effective and useful is also an important influence on diabetes outcomes during adolescence. [20] [21] [22] Parents must balance providing assistance as needed throughout childhood and adolescence while allowing their child to develop a sense of autonomy; as such, optimal parenting during this period is characterized by a shift from a directive role to a more consultative role (e.g., parent problem solving with rather than for the youth). This type of collaborative parent involvement is associated with more optimal diabetes management and quality of life. 23, 24 Parenting practices, such as parent involvement and parent-child conflict, are influenced by overall parenting style. 25, 26 In the general child development literature, an authoritative parenting style-warm/responsive, demanding (i.e., behavioral control), and accepting of adolescent psychological autonomy (i.e., low psychological control)-has been found to promote positive psychosocial development cross-culturally and across all income levels 26, 27 and is consistently associated with a range of positive health outcomes. 28, 29 Specific to preadolescents and adolescents with T1D, an authoritative parenting style is associated with greater adherence to treatment and better glycemic control. [30] [31] [32] [33] Considerable evidence suggests that parenting style varies as a function of socioeconomic status. Studies show that parents in lower income strata tend toward a more authoritarian style of parenting. [34] [35] [36] Consistent with the family stress and investment models, the stressors that accompany lower economic status have been shown to negatively influence parental resources, leading to more authoritarian parenting. 34, 36 In contrast, parents in higher income strata tend toward a more authoritative parenting style (for full review, see Ref. 37 ). There is a paucity of research examining the association of family income with parenting style and practices in youth with TID, however. Lower socioeconomic status has been associated with higher diabetes-related parent-child conflict, 38 and lower parental acceptance, 9 but was unassociated with parent monitoring of diabetes care. 38, 39 Given the literature supporting an association between family income and parenting constructs, and literature supporting an association between parenting constructs and diabetes outcomes, it is plausible that the association of income with diabetes outcomes could be attributed in part to the quality of the parent-child relationship. To our knowledge, only 1 study has examined this question. Drew et al. 9 found that the relationship of lower family income with glycemic control occurred indirectly through lower parental acceptance. Parents with lower income were observed to be less accepting, and adolescents who perceived their parents as less accepting had worse glycemic control.
The aim of this study was to expand on this previous research by examining the direct and indirect pathways between family income and glycemic control through both general parenting style and diabetes-specific parenting behaviors. To our knowledge, no previous study has examined the role of both general parenting style and diabetes-specific parenting behaviors as they relate to the well-documented association between lower family income and glycemic control. Based on the literature on authoritative parenting, we posit an association of general parenting style with 2 diabetes-specific parenting behaviors-diabetes-related conflict and collaborative parent involvement. We hypothesize that lower family income will be associated with less optimal parenting and will be indirectly associated with adherence and glycemic control through these parenting constructs.
METHODS

Participants
Youth and their parents (N 5 390 families) were participants in a multisite clinical trial examining the efficacy of a clinic-integrated behavioral intervention targeting family disease management for youth with type 1 diabetes (TID) conducted from 2006 to 2009. Participants were recruited from 4 large, geographically dispersed pediatric endocrinology clinics in the United States. Youth inclusion criteria included being between the ages of 9 and 14.9 years, being diagnosed with TID for at least 3 months, having a daily insulin dose $0.5 m/ kg per day for those diagnosed $1 year or 0.2 m/kg per day for those diagnosed ,1 year and with $2 injections or the use of the insulin pump, having a most recent hemoglobin A1c (HbA1c) of .6.0% and ,12.0% for those diagnosed $1 year and .6.0% at any time postdiagnosis for those diagnosed ,1 year, having no other major chronic disease (with the exception of well-controlled thyroid, asthma, and celiac) or cognitive disability, and no psychiatric hospitalization or the use of antipsychotic medications in the past 6 months. Additional parent/family inclusion criteria included home telephone access, fluency in English, the attendance of at least 2 clinic visits in the past year, and no major psychiatric diagnoses in participating parents.
Procedure
Research staff screened medical records to identify potentially eligible patients with scheduled routine clinic visits and sent families a recruitment letter and brochure with information about the study. Families were then invited to participate during their clinic visit; informed consent was obtained from parents and assent from children. Data from the baseline assessment were used for this study. Self-report data were collected separately from children and parents in their homes by interviewers not affiliated with the health care team. Of 564 patients invited to participate, 422 (75%) consented and 392 (70%) completed the baseline assessment; data were excluded from 1 sibling each of 2 sibling pairs. Of these, 39 were missing data on family income, resulting in an analytic sample of 351 families. Study procedures were approved by the institutional review boards of each participating institution.
Measures
Authoritative Parenting Style Authoritative parenting style was assessed by the youth report using the 16-item Authoritative Parenting Index 40 and the 8-item Psychological Control Scale. 41 The Authoritative Parenting Index has 2 factors reflecting an authoritative parenting style-responsiveness (e.g., "I have a parent who likes me just the way I am.") and demandingness (e.g., "I have a parent who has rules that I must follow."). In previous research, 40 the factors have shown good internal consistency (alphas ranging from 0.71 to 0.85). Cronbach's a values in the current study were 0.82 and 0.72. The Psychological Control Scale (e.g., "I have a parent who is less friendly to me if I don't see things his/her way") was administered to represent an additional dimension of authoritative parenting. Cronbach's a in the current study was 0.82. Greater authoritative parenting is indicated by higher responsiveness, higher demandingness, and lower psychological control.
Collaborative Parent Involvement Collaborative parent involvement in diabetes management was assessed using the Collaborative Parent Involvement Scale. 23 This 12-item measure assesses diabetes management parenting behaviors that reflect responsive parenting (e.g., "I have a parent/guardian who helps me plan my diabetes care to fit my schedule."). The measure, which has previously been shown to have good psychometric properties and associations with diabetes management, 23, 24 was completed by children separately for each parent in their household; 92% of children completed the measure for 2 parents. Higher scores indicate greater perception of collaborative parent involvement. Cronbach's a in the current study was 0.93.
Diabetes-Related Conflict
The level of parent-child conflict over diabetes management issues that typically occurs between the child and the parents was assessed by both the child and parent reports using the 19-item (e.g., "During the past month, I have argued with my parent(s) about remembering to check blood sugars.") Diabetes Family Conflict Scale, which has previously demonstrated internal consistency and association with glycemic control. 42 Higher scores indicate higher levels of conflict. Cronbach's a was 0.92 for the child report and 0.89 for the parent report.
Adherence Adherence to optimal diabetes management practices was measured with the Diabetes Self-Management Profile, 43 ,44 a structured interview conducted with parents. The measure has demonstrated adequate internal consistency (a 5 0.76), 3-month test-retest reliability (r 5 0.67), interinterviewer agreement (r 5 0.94), and association with glycemic control. 43, 44 Cronbach's a in the current study was 0.76.
Glycemic Control Glycated hemoglobin (HbA1c; Tosoh A1c 2.2 Plus Glycohemoglobin Analyzer; Tosoh Medics, South San Francisco, CA) was obtained at each visit via blood samples analyzed by a central laboratory. HbA1c is the medical standard for evaluating the quality of diabetes control and reflects average blood glucose levels over approximately the past 3 months. Higher values indicate poorer diabetes control.
Income Parents reported approximate family household income, choosing income ranges in increments from "under $20,000" to "$150,000 or over." The distribution was ,$20,000 (5.9%), $20,000 to $29,999 (4.4%), $30,000 to
Demographic and Diabetes Characteristics Demographic variables including age, sex, dates of diagnosis, race/ethnicity, and diabetes management regimen were obtained from medical records. Diabetes management regimen was classified as injection versus pump regimen.
Statistical Analysis
Sample characteristics were summarized using mean 6 SD for continuous variables and frequencies for categorical variables. Chi-square analysis and analysis of variance were used to assess bivariate associations of family income with regimen, adherence, and HbA1c. Polynomial contrasts were used for assessment of linear trends in adherence and HbA1c across family income levels.
Structural equation modeling was conducted in Mplus version 7 (Muthen & Muthen, Los Angeles CA) to examine the hypothesized associations among family income, parenting variables, regimen, adherence, and glycemic control. The measurement model was first examined to ensure that the measured variables adequately represented the hypothesized latent variables. Authoritative parenting was modeled as a latent variable indicated by responsiveness, demandingness, and psychological control. Collaborative parent involvement was modeled as a latent variable indicated by the youth report of each parent. Diabetes-specific parent-child conflict was modeled as a latent variable indicated by the child and parent reports of conflict. In the model specifying relations among income, parenting constructs, regimen, and diabetes outcomes, we hypothesized that family income would be associated directly with authoritative parenting and parent-child conflict and indirectly with collaborative parent involvement through authoritative parenting because collaborative parent involvement represents behaviors indicative of responsive parenting. We hypothesized that general parenting style (authoritative parenting) would be directly associated with diabetes-specific parenting behaviors (parent-child conflict and collaborative parent involvement) and that diabetes-specific parenting would be directly associated with adherence. As such, the model specified the following effects: (1) family income on authoritative parenting, diabetes-specific parent-child conflict, regimen, adherence, and glycemic control; (2) authoritative parenting on collaborative parent involvement and diabetesspecific parent-child conflict; (3) diabetes-specific parent-child conflict and collaborative parent involvement on adherence; and (4) adherence and regimen on HbA1c. Age was included post hoc as a covariate on those parenting variables with which it demonstrated a significant bivariate relationship-parent-reported parent-child conflict, collaborative parent involvement, and responsiveness. Post hoc, we compared the fit of this model with that of a model eliminating the paths from income to parenting constructs to determine whether the full model specifying an indirect effect of income on adherence and glycemic control through the parenting constructs was a better fit to the data.
Model fit was evaluated with respect to 3 goodness-offit statistics: comparative fit index (CFI), Tucker-Lewis fit index (TLI), and root mean square error of approximation (RMSEA). A model with CFI . 0.90, TLI . 0.90, and RMSEA , 0.08 was considered to be adequate fit. 45 
RESULTS
The demographic and disease characteristics of participants are summarized in Table 1 . The mean age of youth participants was 12.4 years; 75% were nonHispanic white. The mean A1c of youth participants was 8.4%, and the mean duration of diagnosis was 4.6 years. Approximately one-third used an insulin pump. Disease management characteristics by family income are shown in Table 2 . The median family income group was $70,000 to $99,999. Lower family income was associated with less insulin pump use, poorer adherence, and poorer glycemic control. Bivariate associations among income, parenting variables, adherence, and glycemic control are shown in Table 3 . The structural equation model testing the a priori hypothesized associations among family income, parentchild relationship variables, adherence, and hemoglobin A1c (HbA1c) (Fig. 1 Authoritative parenting was directly associated with both diabetes-specific parenting behaviors: collaborative parent involvement (p , 0.001) and diabetes-specific parent-child conflict (p , 0.001). Both collaborative parent involvement (p 5 0.02) and diabetes-specific parent-child conflict (p , 0.001) were directly associated with adherence, and adherence was positively associated with HbA1c (p , 0.001). Indirect effects of family income on adherence and glycemic control through authoritative parenting, parent-child conflict, and collaborative involvement were significant (p , 0.001). Also, family income was negatively associated with the regimen (p , 0.001), which was not significantly associated with HbA1c. The direct paths from family income to adherence and HbA1c were not significant. Overall, the model accounted for 24% of the variance in HbA1c.
The post hoc structural equation model retaining direct paths between income and adherence/glycemic control but eliminating the paths from income to parenting constructs demonstrated inadequate fit (RMSEA 5 0.11, CFI 5 0.74, TLI 5 0.63). Difference testing indicated that the fit of the full hypothesized model was significantly greater (x 2 (df 5 2) 5 76.07, p , 0.0001).
DISCUSSION
Despite consistent findings of an association of lower income with poorer diabetes outcomes in youth with type 1 diabetes (T1D), little research has examined the potential reasons for this income disparity in disease . AUTH, authoritative parenting; AUTH-D, authoritative parenting demandingness; AUTH-P, authoritative parenting psychological control; AUTH-R, authoritative parenting responsiveness; CPI, collaborative parent involvement; CPI-P1, collaborative parent involvement of parent with primary involvement in diabetes management; CPI-P2, collaborative parent involvement of parent with secondary involvement in diabetes management; D, demandingness; HbA1c, hemoglobin A1c; P, psychological control; P1, parent with primary involvement in diabetes management; P2, parent with secondary involvement in diabetes management; PCC, diabetes-specific parentchild conflict; PCC-C, diabetes-specific parent-child conflict reported by the child; PCC-P, diabetes-specific parent-child conflict reported by the parent; R, responsiveness.
management. Consistent with resource models, 10 findings from this study suggest that lower family income is indirectly associated with poorer adherence and glycemic control through general and diabetes-specific parenting constructs. The hypothesized pathways specifying that family income is indirectly associated with adherence and glycemic control through general authoritative parenting, collaborative parent involvement in diabetes management, and diabetes-related parent-child conflict were supported by the data. These findings provide support for the family stress and family investment models by demonstrating that the association of lower income with poorer diabetes outcomes may be attributable to the adverse effect of chronic stress among families in lower income strata on parenting constructs.
Findings extend those of Drew et al. 9 by being the first to our knowledge to examine both general and diabetesspecific parenting constructs in relationship to family income and diabetes management. Consistent with previous research in the general population, [34] [35] [36] lower family income was associated with a less authoritative parenting style. In addition, similar to findings in 1 other sample of youth with TID, lower family income was also associated with greater family conflict. 38 In accordance with findings regarding parenting styles and parenting practices across a wide range of behaviors, 25, 26, 28 general parenting style was associated with diabetes-specific parenting practices, which impacted diabetes outcomes. Parents who display warmth and responsiveness while establishing clear standards for behavior are likely to facilitate their child's adhering optimally to the regimen while also reducing parent-child conflict and enhancing youth perceptions of collaborative parent involvement. This implies that efforts to promote optimal parent-child communication and collaboration around diabetes management should facilitate the development of an authoritative parenting style while remaining sensitive to other stressors impacting the parents and family.
This study suggests that at least some of the adverse impact of lower income on diabetes outcomes may be ameliorated through efforts to help families manage the chronic stressors associated with lower family income and their possible negative impact on the parent-child relationship. Management of diabetes places substantial added stressors on families; these may be particularly draining for families who have fewer resources. As such, attention to the parent-child relationship should be considered an integral part of diabetes education and care. Although differences are likely multifactorial, with components of socioeconomic status, family structure, and family experiences involved, it is evident that the parent-child relationship itself is an important factor that can affect families' diabetes management.
Previous literature has found that insulin pump therapy is associated with better glycemic control than injections, 46 and the lower use of insulin pump therapy among those experiencing lower income represents a plausible explanation for disparities in glycemic control. Our bivariate analysis is consistent with previous findings. However, after controlling for parent-child relationship variables and adherence, this association is no longer significant. As such, disparities in health outcomes by income among youth with T1D are unlikely to be attributable solely to differential access to or use of an insulin pump regimen. Rather, family contextual factors seem critical for understanding income disparities in diabetes outcomes.
Findings should be interpreted in light of study limitations. This was a cross-sectional analysis, which limits causal inference. Longitudinal analyses would be necessary to test mediation models of income and parenting constructs predicting adherence and glycemic control in this population. Nevertheless, the data support the theoretically informed hypothesized paths that income is indirectly related to health outcomes via parenting constructs. Findings provide promising directions for future research. Studies examining these questions across different race/ethnicity groups would be informative, as some previous research studies suggest that there may be differential associations of parenting style on outcomes by race/ethnicity, 29, 47 whereas others have shown a beneficial effect of responsiveness across cultures. 48 In addition, the measures and sample size did not allow for an examination of potential differences between parents on parenting constructs in 2-parent families or differences between 1-parent and 2-parent families. However, previous research has indicated that single-parent status was not associated with adherence and glycemic control after accounting for socioeconomic status. 38 Interpretation of household income is limited by the lack of data on the total household size or insurance information. Furthermore, the clinical sites where the participants were recruited were all major medical centers in primarily urban and suburban environments, and participation was restricted to an Englishspeaking sample. Income levels of the sample may not be representative of other urban hospitals. Youth in extremely poor glycemic control and those with recent psychiatric hospitalizations were excluded from the study. Future research examining these associations in additional populations is needed to determine the crosscultural generalizability of these results.
Achieving good glycemic control during childhood and adolescence is crucial for optimizing health outcomes of persons with T1D, as poor glycemic control during these years is strongly associated with mortality and morbidity in adulthood. 19, 49 Challenges inherent to the management of T1D may pose a greater strain for families experiencing low income, with subsequent deleterious effects on the parent-child relationship and resulting disease management. As a result, there is a need to develop health care approaches that facilitate optimal parent-child relationships, with special attention to the challenges faced by families experiencing lower income.
